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ABSTRACT 


Aim/Purpose 


Background 


Methodology 


Contribution 


Academics are often requested to create and teach courses for emerging tech- 
nologies with perhaps no experience or guidance on how to do so. 


A Framework to develop IT courses for emerging technologies was created 
and tested to assist academics; the framework was then tested by developing 
an IoT course. 


A literature review was conducted to discover theories, models and methods 
that could be used in the creation of IT courses, followed by interviews with 
academics who had created many courses. The interviews were analysed us- 
ing a thematic analysis process, and a Course Development Framework was 
created. The framework was tested by using it to build and deliver an loT 
course. 


The Framework could be used to support academics who have to create and 
develop IT courses for emerging technologies. 
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Developing an IoT Course Using a Framework 


Findings By combining a learning theory such as constructivism, the ADDIE Instruc- 
tional design model, ARCS-V Motivational model, and Bloom’s Taxonomy, a 
Course Development Framework was constructed, which could be used to 
support academics who have to create courses for emerging technologies. 


Recommendations The Course Development Framework could be used to develop other IT 
for Practitioners courses including online courses. 


Recommendations Future research could be conducted in the effectiveness of using the Course 
for Researchers Development Framework to develop other courses including online courses. 


Impact on Society Support academics to develop better IT courses for emerging technologies. 


Future Research Reseatch in the field of Brain Compatible Learning Principles and combining 
or using it with the Framework could provide further insights into advance- 
ments in course design and development. 


Keywords instructional design, framework, motivation, course development, educa- 
tional technology, emerging technology 


INTRODUCTION 


Learners today expect exciting and engaging activities with diverse instructional styles, but unfortu- 
nately, many academics have been slow to adopt changes in learning approaches (Arghode et al., 
2017). Information technology (IT) is continually evolving and new IT is emerging; this requires aca- 
demics to develop courses for these emerging technologies, many of which are required to be taught 
online (Horvitz et al., 2015). Consequently, developing courses for emerging technologies presents 
new challenges for academics. Researchers have stressed the need for diverse didactic principles for 
learning, instruction design and learning philosophies (Arghode et al., 2017). For this reason, there is 
a current need for a framework that could guide academics to develop courses, especially courses in 
emerging technologies (Panetta, 2018). Van Wyk (2019) developed a Framework for developing 
online courses, and this paper is based on and builds on Van Wyk’s work. 


Academics are increasingly likely to be required to develop courses for emerging technologies such as 
the Internet of Things (IoT), Virtual Reality (VR), Digital Twins, and Smart Dust (amongst others) 
for learners who prefer to use mobile web-enabled devices in the classroom (Johnston, 2016), and 
may also prefer using online learning (Panetta, 2018). 


From a general institutional perspective, developing a new course requires an academic to consider 
not only the content required, but also a multitude of additional factors across a range of disciplines 
(McCaffrey, 2017). For example, to develop an IoT course, one would need to consider the IoT con- 
tent itself, as well as possibly utilising a framework to build the course. For this reason, the primary 
aim of this empirical research was to create a general-purpose Course Development Framework that 
could aid academics in developing emerging technology courses. Within the scope of this research 
study, loT was used as a test case of an emerging technology, and an IoT course was developed and 
presented in Germany in late 2019. 


IoT could, on the one side, be seen as a cross functional development. On the other side, each disci- 
pline in a corporation has to consider the potential of applications of loT in depth within its own en- 
vironment. And hence there is a high relevance for the education of future managers, for example, in 
manufacturing or purchasing and logistics. In logistics, loT will have huge implications for the busi- 
ness. Macaulay et al. (2015) predicted that we would move from 15 billion connected devices in 2015 
to some 50 billion by 2020. The resulting visibility will transform our business processes, in particular 
in logistics. Consequently IoT will increase supply chain visibility and agility as well as its resilience to 
un-precedented events. A literature review on the potential for added value of IoT in Supply Chain 
Management shows that the applications are still in an early stage (Ben-Daya et al., 2017). But with 
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the promising areas in mind, academics must reflect today how they will transfer the uprising poten- 
tial of IoT into the education environment. So, the Course Development Framework could also be 
used for other courses for emerging technologies, such as Augmented Reality, Mixed Reality, and 
Virtual Reality, as well as for developing online courses. 


To begin the research, a review of the literature was conducted (van Wyk, 2019), this was followed by 
interviewing academics who had developed several courses (including online courses) at universities 
in Europe and Africa. Responding academics were regarded as experts in the field of IT education 
due to the nature of their work, experience, research, and positions in academia. Data from the litera- 
ture review and the interviews was gathered and analysed and a Course Development Framework de- 
veloped. The Framework was then presented as a proof of concept to several of the academics inter- 
viewed and refined based on their comments and suggestions. Finally, a course outline for an emerg- 
ing technology, IoT in this case, was developed using the Framework. The course was presented at a 
university in Germany, and feedback was obtained from the students who completed the course. 


There were concerns over personal and organisational information of the respondents being ob- 
tained and kept. 


To address the ethical and privacy concerns of the responding academics and students, all identifiable 
information of the respondents (and higher educational institutions in which they were operating) 
has been removed, and respondents have been given pseudonyms. 


LITERATURE REVIEW 


A systematic literature review process taken from Brereton et al. (2007) was followed. Three stages as 
outlined by Brereton et al. (2007) of planning the literature review, conducting the literature review, 
and finally validating the literature review were followed. Literature was sourced mainly from Google 
Scholar and the Educational Resources Information Center (ERIC). Only papers published in Eng- 
lish were included; all other languages were excluded. Furthermore, the literature search focused on 
results from the last five years, 2015-2019. Published and peer-reviewed journals were primarily used, 
and, where necessary, books and relevant websites were cited. Older references were used where ap- 
propriate to describe research based on prior research and findings such as Keller (2010). The litera- 
ture review discusses learning theories, instructional design methods, and motivational design models 
that could be used to develop a Course Development Framework for emerging technologies. The lit- 
erature review has the following main themes: learning theories, course development, design models, 
Bloom’s taxonomy, and the IoT course request. 


LEARNING THEORIES 


Literature suggests that academics could benefit from research and support in the form of best prac- 
tices in instructional design and student learning for creating new courses (Horvitz et al., 2015). Ki- 
zilcec et al. (2017) stated that student focusing research and best practices regarding student interac- 
tions would be welcome additions to instructional practices, especially if they are easy to apply. 


In the twenty-first century the way academics address learning depends a lot on their experience, but 
additionally, and perhaps more importantly, academics will need to have a shift in perspective of 
learning as this type of learning is different from the learning in the more structured learning environ- 
ments of the classroom (Yilmaz & Cagiltay, 2016). The question of how learning takes place in a hu- 
man being is a fundamental question in instruction and teaching (Illeris, 2018). Developed from 
learning psychology with additional influences such as pedagogical, sociological and medical research 
mainly in the form of cognitive and brain research has led to the development of learning theories 
(Illeris, 2018). 


The literature review discussed learning theories and models that could be used to develop a Course 
Development Framework specifically for emerging technologies. Learning theory is a vast subject 
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that has many different aspects such as neuroscience, psychology, and education (Juvova et al., 2015). 
Pundamental learning theories that are used within a broad spectrum of course material include cog- 
nitivism, connectivism, behaviourism and constructivism as shown in Figure 1. 
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Figure 1. Popular learning theories (Davis, 2019). 
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The literature review identified learning theories that could be used in the development of a Course 
Development Framework by looking at key elements of the learning theories that would prove useful 
for a course on emerging technologies such as IoT. 


Learning theories outline how a student learns and acquires knowledge, retains knowledge, and re- 
calls the knowledge by describing some general principles Sahin & Dogantay, 2018). Reflecting on 
the studies regarding learning theories, the paper by Arghode et al. (2017) states, “Learning theories 
deserve more attention in an online learning environment. The study of learning theories combined 
with an in-depth analysis of psychological and human resource literature will enable researchers to 
delve deeply into the subject. More qualitative studies are needed to explore further how an instruc- 
tor’s ability to utilize theoretical principles to improve instruction can make a difference in learning” 


(p. 604). 


This led to the research question RQ1: Which learning theories could be useful as a basis to con- 
struct a framework for developing courses on emerging technologies? 


Behaviourism 


The behaviourism theory concentrates on measurable and observable behaviour or actions and on 
the importance of the consequences that follow the behavior or action (Saari, 2019). Behaviourism 
evolved from a positivist worldview related to cause and effect. Behaviourism ignores that which 
cannot be observed, thus it ignores the internal knowledge, previous knowledge, or mental process in 
determining the knowledge (Yarbrough, 2018). In education, behaviourism examines how students 
behave while learning. More specifically, behaviourism focuses on observing how students respond 
to certain stimuli that, when repeated, can be evaluated, quantified, and eventually controlled for each 
individual (Yarbrough, 2018). Consequently, the behaviourism theory establishes the theory as an 
idea that the learning behavior can be controlled by establishing consequences that will guide the be- 
havior of the learner by providing negative or positive feedback as a response (Saari, 2019). The 
learning can then only be successful when students connect required responses with desired out- 
comes through conditioning (Arghode et al., 2017). 


The behaviourism theory has established a very rigid and structured approach (Meier, 2016; Yar- 
brough, 2018). The idea is that by rewarding correct responses to solving a problem or answering a 
question correctly and punishing an incorrect answer by giving a negative response, the student will 
learn the correct behavior. Behaviourism does not take into account the mental processing by the 
learners but instead focuses solely on observable behavior (Robinson, 2018). Behaviourism teaches 
by enforcement and reinforcement of pre-conceived and designed outcomes (Saari, 2019). Behav- 
iourism theory is often used in linguistic learning programs and training of animals (Meier, 2016; 
Saari, 2019). 


Behaviourism started to show limitations when it could not explain many social behaviours, and this 
limitation gave rise to the Cognitivism theory (Harasim, 2017). Behaviourism could be used where 
the learning material could be developed so that it emphasizes a response conditioning approach. 


Behaviourism theory could be appropriate when designing courses as it encourages the development 
of: 


1.) Measurable and observable learning outcomes (Yan, 2017). 
2.) Using rewards and feedback to improve performance (Arghode et al., 2017). 
33) To guide students to master predictable skills (Arghode et al., 2017). 


Connectivism 


The connectivism theory is described as learning in the information or digital age where learning 
knowledge is distributed across networks where connections and connectedness inform learning, 
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based on the future not the past (Kizito, 2016). Students find meaning and make connections be- 
tween data, ideas, and concepts as a crucial part of the learning experience (Reese, 2015). The cluster- 
ing (gathering of information) of the nodes allows the students to share ideas, interact, and experi- 
ence learning together (Goldie, 2016). 


Technological advancements have occurred rapidly and traditional learning theories like behaviour- 
ism, have struggled to keep up with emerging technologies (Yumurtaci, 2017). Connectivism aims to 
bring together the networked nature of society into the learning constructs. In contrast to theories, 
such as behaviourism and cognitivism, which place learning as a separate inner construction of 
knowledge, connectivism emphasizes the importance of how and where to access information in- 
stead (Goldie, 2016). Moreover, the connectivism theory takes the stance that the information that 
exists would be too much for one person to be able to make sense of and is treated as internalized 
knowledge even though it is coming from external nodes (Goldie, 2016). By connecting a set of 
nodes of diverse opinions, knowledge, data, and meaning, continued learning is promoted. Thus, 
connectivism lends itself well to online learning where a learner can keep on learning no matter 
where they are based (Veletsianos, 2016). Without guidance the connectivism theory has the risk of 
adding information that is not relevant (Veletsianos, 2016). 


Connectivism interestingly also adds that learning can happen between non-human instances, for ex- 
ample, in artificial intelligence uses (Reese, 2015). While connectivism fits exceptionally well with 
modern technological advancements to learning, it relinquishes control of the academic to a wealth 
of information that is dispersed and unstructured (Reese, 2015). Connectivism would be beneficial to 
a course where: 


1.) Learning is collected in the diversity of opinions (Reese, 2015). 
2.) Social collaboration is of high importance (Bair & Stafford, 2016). 
3.) Decision making itself is a process (Reese, 2015). 


Constructivism 


Constructivism as a theory suggests that learning is a learner focused constructive process and that 
students create and construct their own reality of learning using prior knowledge in constructing new 
knowledge (Jiang, 2019). The premise stated by constructivism emphasizes the active role that learn- 
ers themselves play in constructing knowledge and inspires them to construct meaning from what 
they have seen, heard, did, and experienced. (Arghode et al., 2017). Forming the constructs is based 
on prior knowledge as well as constructing knowledge from others, and this leads the learning and 
knowledge formulation to be subjective in nature (Harasim, 2017). Thus, learners demonstrate under- 
standing not just by repeating information but from demonstrating theoretical knowledge. (Juvova et 
al., 2015). In other words, the learner makes sense of their world by experiencing the learning and 
then constructing meaning (Johnston et al., 2018). Constructivism promotes a learner centred theory 
where experimentation and active participation is encouraged so that the learner can create more new 
knowledge and reflect on what was learned. By building on previous experience and knowledge, new 
learning can take place from a shared understanding between student and academic. 


In the teaching environment, constructivism may be helpful where complex skills such as critical 
thinking and problem-solving must be grasped. The role of the teacher is set as a participant who en- 
courages interactivity and helps the learner construct knowledge (Arghode et al., 2017; Hood Catta- 
neo, 2017; Usher et al., 2015). Critics of constructivism point out that constructivism is a reiterative 
process that re-examines problems continually (Tan, 2017). Furthermore, the argument is made that 
there is no emphasis on correct answers to problems, but a focus on the interpretation of the stu- 
dents’ constructs (Ian, 2017). Proponents, however, argue that by engaging the learner by building 
on their experience, it promotes testing of knowledge in a meaningful manner. 
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Constructivist learning theory should be implemented with a suitable design method of motivating 
the student to encourage their willingness to participate and find meaning in the content. Cognitive 
and social presence are part of the constructivism view of shaping learning using interaction, collabo- 
ration, and dialogue (Scoppio & Luyt, 2017). Constructivism is considered one of the leading learning 
theories in education (Amineh & Asl, 2015). 


Constructivism theory could be appropriate when developing courses where: 


1. The learner is in control of their learning (Usher et al., 2015). 

2. Group learning is encouraged (Amineh & Asl, 2015). 

3. The process of knowledge construction is important (Tan, 2017). 

4. Tutoring and apprentice roles are required (Amineh & Asl, 2015). 

by Problem-based learning and brainstorming are implemented (Khalil & Elkhider, 2016). 


This led to the research question RQ2: Which learning theories would be best suited for developing a 
course for an emerging technology? 


COURSE DEVELOPMENT 


Students understand the benefit, impact and use of mobile web-enabled devices in their learning, and 
wish to use mobile web-enabled devices in classrooms (Abachi & Muhammad, 2014; Benham et al., 
2014). An impact on academics is that academics need to change and adapt their course development 
and teaching methods to incorporate mobile web-enabled devices into the classroom (Johnston, 
2016). 


Online teaching and learning have become commonplace and are widely accepted as an alternative 
to, and in addition to classroom-based courses (Kumi-Yeboah, 2018). Online learning has become an 
inherent part of many institutions’ strategy and forms an essential facet in their plans (Kumi-Yeboah, 
2018). 


As the growth of online course delivery has expanded there has been an increased drive towards 
quality instructional design methods and the quality of the course material developed (Kumi-Yeboah, 
2018). As a result, while technology evolves and more learners are considering online learning as an 
alternative study path, it is essential to further develop frameworks to develop online courses (Dum- 
ford & Miller, 2018). Scoppio and Luyt (2017) stated that using connectivism and constructivism par- 
adigms as theories to develop instructionally comprehensive learning could be beneficial to the 
course designer so as to develop online courses. 


Since most academics have valuable experience in creating classroom-based courses, the fact that it 
requires a specific pedagogical approach to develop online courses is often not considered when they 
make the transition from classroom-based models of teaching to online teaching (Scoppio & Luyt, 
2017). Learning and perception can change depending on the technological situation (Scoppio & 
Luyt, 2017). When classroom teachers are expected to teach online courses it has resulted in physical 
and conceptual gaps in communication and misunderstandings between teacher and student as Scop- 
pio and Luyt (2017) discussed. The instructional model plays a significant role in the teaching design 
and learning process (Hess & Greer, 2016). 


DESIGN MODELS 


The purpose of an instructional design model is to support learning designers and teachers to ensure 
that their teaching material and content is aligned in an optimum manner to aid the students learning 
development (Cheung, 2016). Instructional Design is the principles and procedures that apply to the 
consistent and reliable development of instructional material, content, information sources, lessons, 
and whole learning systems (Hess & Greer, 2016). Instructional Design is a system based approach 
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that follows guidelines, procedures and models as well as allows for evaluation of the educational de- 
sign process (Hess & Greer, 2016). Three design models, ADDIE, ARCS with the extension to 
ARCS-V and Bloom’s taxonomy were reviewed. 


ADDIE Instructional Design Model 


The ADDIE instructional design model consists of five categories, namely, Analysis, Design, Devel- 
opment, Implementation, and Evaluation (Budoya et al., 2019). The ADDIE model is widely used in 
the instructional design and development field and often described as being instrumental to the im- 
provement of teaching and learning (Cheung, 2016; Hess & Greer, 2016). ADDIE continues to be 
one of the most popular and widely used models for instructional design (Ghani & Daud, 2018). It is 
used as the blueprint to design applicable instruction and aids in providing methods for continuous 
evaluation and analysis of the content (Hess & Greer, 2016). However, as described earlier by Hattie 
(2015), all learning design models have some form of improvement but that the specific model of de- 
sign chosen, might not be the optimal way of delivering that particular learning content. 


Analysis 
Problem identification 
Needs assessment 
Task analysis 
Population analysis 


Evaluation 
Formative & 
Summative; 

Revise Objectives & 
Instruction 


will be used for instruction 
Create tools that will be used for formative 
and summative evaluations 


Figure 2. ADDIE Instructional design model (Shahril et al., 2015). 


The different steps of the ADDIE instructional design model are used as follows, in the order AD- 
DIE: 


Analysis: In the analysis step the academic analyses the needs of the learners by looking at the 
educational objectives of the course and designing the outcomes to align with the 
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educational goals (Cheung, 2016). Some of the topics that need to be analysed could be how 
long a course should be or what evaluation criteria needs to take place (Trust & Pektas, 
2018). 


Design: In the design step, academics need to develop the learning activities, assessment, and 
methods of delivery. In addition, they should develop the strategies on how to present the 
course material (Hess & Greer, 2016; Trust & Pektas, 2018). 


Development: In the development step, the course creators develop the content assets and put 
all the materials together from the design step. Project review and fixes or changes are imple- 
mented and iterated upon, until the development of the course content is complete (Cheung, 
2016). The reviews and iteration can be based on feedback from pilot studies or test partici- 
pants (Hess & Greer, 2016). 


Implementation: Implementation is the next step in the ADDIE model. This step requires the 
designed course to be launched or delivered. In this step it is crucial to be aware of feedback 
from learners should there be any unforeseen issues in the delivery (Cheung, 2016). 


Evaluation: In the final evaluation step the response from feedback and general usage of the 
course must be taken into consideration. These responses would then be used to re-analyse 
the course for a new design or to fix issues (Cheung, 2016). 


Revision as on the arcs between the steps implies constant revision and assessment. 


Even though the ADDIE model has been used in a vast number of instructional developments the 
model shows some disadvantages (Alnajdi, 2018; Jung et al., 2018; Nadiyah & Faaizah, 2015). Alt- 
hough the ADDIE model focuses on systematic design procedures, the model has received criticism 
for being too inflexible and linear in nature, often being too drawn out and time-consuming for mod- 
ern fast-paced learning (Jung et al., 2018). However, by applying some Agile methods to the ADDIE 
model it is suggested that these limitations can be overcome. Research done in improving ADDIE 
for multimedia and software development instruction found that adding a Feature Driven Develop- 
ment Process (FDDP) to the ADDIE model suitably addressed the limitations (Budoya et al., 2019). 
Furthermore, research has been conducted into extending ADDIE to include a course piloting step 
(X_ADDIE) (Constancio et al., 2018). 


By using ADDIE in the instructional design process, it aids in keeping the complexities of learning 
design and instructional design at bay and increases the impact of the learning. A further benefit of 
using the ADDIE instructional design model is that different learning methods can be applied to es- 
tablish knowledge acquisition by students of different learning styles (Alnajdi, 2018). 


ARCS/ARCS-V Motivational Design Model 


Motivation can be thought of as the learner’s inclination to participate and engage in the learning, 
through cognitive, emotional, and practical application usually in an independent way, through diffi- 
culties and disappointments (Du Boulay & Del Soldato, 2016). Motivation in learners is a key princi- 
ple that drives learning, but in order to keep learners motivated it takes more than adding new tech- 
nology to the online classroom. Using new technology helps, but when the novelty has worn off, aca- 
demics need to have implemented instructional effective design and motivationally sound learning 
theories and models to keep the motivation level of the learner high (Libao et al., 2016). Keeping a 
learner motivated is a key factor in developing a successful instructional content (Khan et al., 2019). 
Whether online or face-to-face learning is taking place, positive learning cannot occur without the 
learner’s efforts and willingness to learn and apply the concepts presented in the learning material. At 
the core, effective instructional practices should be accompanied by a sound motivated learner in or- 
der to promote learning (Arghode et al., 2017). 


Each new technology application is accompanied by a predictable wave of publications describing its 
benefits and applications. However, the novelty effect associated with each of these innovations soon 
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fades, leaving researchers with the continuing problems of providing learning experiences that are 
motivating to the learners and are instructionally effective (Keller, 2016). Certainly, adaptations of 
basic knowledge of motivation and learning have to be made by following the specific characteristics 
of a given technology or delivery system, but there are fundamental principles of motivation and 
learning that transcend these differences (Keller, 2016). Motivating and focusing on learning key 
skills is an integral part of building a functional and useful framework, and it begins with a discussion 
of issues related to technology and motivation. 


The ARCS motivational model states that, “In order to motivate students, the instructor or instruc- 
tional materials need to (1) catch and sustain students attention; (2) state why the students need to 
learn the content; (3) make students believe that they are able to succeed if they exert effort; and (4) 
help students feel a sense of reward and pride. The ARCS model utilizes a systematic process which 
can be specified into four steps: define, design, develop, and evaluate” (Li & Keller, 2018, p.54). 


The ARCS model presents a systematic design model to assist academics in creating course material 
and content with motivational elements for the learners (Keller, 2010, 2016; Loorbach et al., 2015). 
Intrinsic motivation creates a learner who is committed to learning the subject matter. The intrinsi- 
cally motivated learner enjoys exploring and mastering the content and is more committed to doing 
so (Keller, 2016; Khan et al., 2019; Ucar & Kumtepe, 2016). Figure 3 is a creation aid instructors can 
use to assess motivation (Keller, 2016). The ARCS model was based on previous research on human 
motivation. It is shown that intrinsic motivation increases learning engagement and improves aca- 
demic performance in learners (Libao et al., 2016). 


Instructor’s Analysis of Learners 


Am | excited about this learning Are the learners going to be interested? What 
experience and how I can make it tactics will stimulate their curiosity and interest? 
interesting? 


Am | confident in my ability to lead this | Will the learners feel confident about their ability 


learning experience effectively and to learn this? What do I need to do to help them 
interestingly? be confident? 


Will I provide effective supervision and | What can I do to help the learners maintain their 
support to the learners throughout this goal orientation and task-focus throughout this 
learning event? learning event? 


Figure 3. Creation aid for motivational strategy design (Keller, 2016). 


Keller first presented the ARCS model as a way to put the motivation of the student at the centre of 
the teaching and learning design (Chu, 2017). ARCS places motivation of the learner at the centre of 
the learning model in its entirety, meaning the motivational aspect continues through each step of the 
model. In time ARCS proved problematic in one aspect - the research showed that it did not account 
for learner persistence (Keller, 2016). Keller (2016) explains that some learners persisted in their 
learning and completed the studies even when motivation faded, while others would give up even 
though the end results were essential to them. To account for these differences in motivation a fifth 
category was added to the ARCS model, called Volition (see Table 1), creating the ARCS-V model 
(Keller, 2016). 
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Table 1. Adapted ARCS to ARCS-V table. 


By using the constructivism theory as a guiding theory and applying the ARCS-V systematic design 
model to the design of the framework, a motivationally effective course outline can be developed 
that keeps attention, relevance, confidence, satisfaction and volition as guiding principles. 


Bloom’s Taxonomy 


Bloom’s taxonomy fundamentally organises thinking skills into six hierarchical organized categories 
that go from lower zones of thinking complexity through to higher zones of thinking complexity, as 
shown in Figure 4 (Fastiggi, 2019). The hierarchies are constructed from the verbs that the academic 
chooses when describing expectations for thinking skills and behavior in a learning outcome (Stanny, 
2016). The lower complexity thinking zones attempt to establish a basis for the ‘knowing’ and ‘under- 
standing’ aspects of cognitive skills, whilst the higher complexity cognitive thinking zones establish 
the basis of ‘applying’, ‘analysing’, ‘evaluating’, and ‘creating’ (Bertucio, 2017; Stanny, 2016). 


Produce something new. 
Justify a stand or position. 


‘Take apart information to show 
relationships, causes and connections. 


Use information in new 
situations, to answer 
questions or solve problems. 


Explain ideas or concepts. 


Recall facts and 
basic concepts. 


Figure 4. Bloom’s Taxonomy (Fastiggi, 2019). 
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The guiding principle built around Bloom’s taxonomy assumes the keyword verbs in each category 
describe a progressive advancement of thinking skills. Thus, keyword verbs at the lower zones of 
Bloom’s taxonomy define knowledge acquisition and fact memorization, in contrast the higher zones 
define more complex thinking skills such as applying the knowledge gained in lower zones to practi- 
cal problems, analysing concepts and the creation of new knowledge or different interpretations of 
existing knowledge (Rahman & Manaf, 2017; Stanny, 2016). Thus, by building learning activities 
based on these different levels of thinking skills, the progression from fundamental understanding to 
eventually creating new knowledge can be accomplished (Agarwal, 2019). 


The literature led to the research question RQ3: Which design models could be used to construct a 
Course Development Framework for courses on emerging technologies? 


THE INTERNET OF THINGS (LOT) AND A COURSE REQUEST 


There is a sense that IoT will transform companies into digital business and change business models 
(Hung 2017; Tervonen et al., 2018). loT applications and services will cover almost every aspect of 
the Supply Chain. For example, in transport management IoT will not only enable the monitoring of 
the precise location of transported goods but also control the conditions of the transport (e.g., shock, 
temperature) or storage conditions (e.g., flammable materials). Another example for oT being the 
driver for a digitalized inventory management is the introduction of intelligent shelving and pallets 
(Witkowski, 2017). Future managers need to be prepared to manage this constant change not only by 
knowing the success factors but also the challenges, such as security, data integrity, decentralization, 
and confidentiality, by combining business excellence, process design and knowledge gathering. The 
very rapidly evolving IoT especially in combination with other emerging digital technologies like Big 
Data, Blockchain and Smart Contracts (Hong-Ning et al., 2019) will further stress the need to adapt 
also the educational approaches taken. 


An Institute of Higher Learning requested a course be developed which aimed to provide students 
with an understanding of the complexities and issues involved in the Internet of Things (oT). The 
name of the Institute has not been divulged for ethical reasons. IT professionals need to understand 
what IoT is, how it works, what the potential of IoT is, and how to use IoT to improve business. The 
course was to examine the broad concept of IoT in business, the sensors and devices (the ‘things’) 
that make up IoT, how the data is gathered and analysed, how the ‘things’ are connected, how cyber- 
security is handled, and where the components sit, and how to manage IoT projects and the change 
they create. The course was to conclude with students creating and presenting an IoT concept design 
that solves a problem, and is ready to prototype and test. 


The IoT course was to use five approaches to ensure the student is active in constructing knowledge. 


1. Supported learning — providing scaffolding and bite-sized chunks plus feedback. Providing stu- 
dents with readings. 


2. Exploratory learning — students are encouraged to explore and discover new knowledge, to source 
videos. 


3. Collaborative learning — students obtain multiple perspectives and critical thinking skills, and col- 
laborate to produce presentations. 


4, Problem based learning — students are encouraged to post problems, questions as well as answers 
on the topics. 


5. Evidence Based Management (EBM) or practice, which uses four main sources of evidence: Scien- 
tific literature, Professional expertise, internal organisational data, and Stakeholders values and con- 
cerns. The EBM approach is Ask, Acquire, Appraise, Apply and Assess. 


This led to the research question RQ4: How can the Course Development Framework be used to de- 
velop courses on emerging technologies? 
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RESEARCH METHODOLOGY 


A research design methodology was used in the collection of the study data to develop and test a 
Course Development Framework. The research design choices were analysed using the methods 
Saunders et al. (2019) stipulated and depicted with the ‘research onion’ approach as a guide. 


The research methodology explains the time horizon, research strategy, methodological choice, and 
approach. Furthermore, it explains the study’s research philosophy. It continues to discuss the sam- 
ple size and population, the research instrument, and the procedure of data collection as well as the 
validity. It then continues to cover some assumptions and finally discusses the study ethics. Figure 5 
provides a summary of the research methodology. 


- Exploritory 
e Interpretivist 
+ Inductive 

¢ Cross-Sectional 


Strategy ¢ Qualitative 


e Semi-Structured interviews 


¢ 10 Experts/7 organizations/7 students 


Figure 5. Summary of research methodology. 


The research conducted a literature review to discover and explore learning theories, learning design 
methods, and models that would prove useful in developing a Course Development Framework. 


To validate and test the framework, an IoT course was developed and delivered using the Frame- 
work. 


The study was conducted only after consent was requested and received from the respondents. After 
approval and consent was received, data was collected by recording interviews using video chat ser- 
vices such as Skype, face-to face interviews, and email. The interviews were coded using qualitative 
data analysis methods to analyse the data inductively. The interviewee’s behavior was also observed 
and noted where applicable. 


The study used qualitative methods to gather information about past implementations and views 
about theories and frameworks as the respondents could discuss their experiences and provide in- 
sights. 


The study chose an inductive approach as it is more flexible and can explore extta phenomena before 
making conclusions (Saunders et al., 2019). The respondents are skilled subject matter experts in edu- 
cation, Information Technology, and online education, thus each have possibly unique viewpoints 
based on their experience. Subject matter experts in Information Technology were approached from 
South Africa, Netherlands, Norway, and Germany. The sampling size was 10 respondents from 7 dif- 
ferent educational organisations that have expertise in IT course development. Using the expert sam- 
pling method, the study could gather data directly from specialist individuals. The names of the re- 
spondents were omitted for ethical reasons and were replaced by pseudonyms. The sample could be 
kept relatively small as the subject matter experts have relevant expertise in developing IT coutses, 
learning theories, and online pedagogy. 


The research instrument (available on request) takes the form of semi-structured interview questions. 
The questions were formulated from the literature review to verify elements from a learning develop- 
ment framework perspective and discover if the research aligns with current industry perspectives. 
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Ethical permissions were obtained, and permission to conduct the interviews from each of the re- 
spondents. 


The data gathered from the semi-structured interviews followed the six step approach of the the- 
matic analyses defined by Clarke and Braun (2013). The thematic analysis approach is a method for 
identifying, classifying and examining the content in qualitative data (Clarke & Braun, 2013). The- 
matic analysis is useful when analysing data from a wide range of questions, experiences, and under- 
standings. Furthermore, it is useful when working with large or small datasets across varying data 
types such as secondary data, transcripts, interviews and other text (Clarke & Braun, 2013). The six 
steps of the thematic analysis approach that the study used are shown in Figure 6. 


Figure 6. Thematic analysis (Eachempati, Kiran Kumar, & Sumanth, 2016). 


At the coding stage the respondents’ real names were omitted and replaced with pseudonyms, those 
starting with an S (Sam, Seb, Sue, Sara, and Saul) were from a South African organisation, respond- 
ents pseudonyms starting with an N (Noa, Ned, and Nora) were from a Norwegian organization, re- 
spondents from a Dutch organization started with a D (Dave), and respondents from a German or- 
ganization started with a G (Gavin). Seven students (or learners) who completed the course re- 
sponded with feedback, each was given a pseudonyms starting with L (Liam, Lucy, Luna, Luke, Levi, 
Leo, and Leah), comments from four of the learners were used in this report. 


RESEARCH FINDINGS 


The research questions RQ1 to RQ4 are discussed in two separate sections. The first section on RQ1 
and RQ2 reflects the answers to the structured interviews with the academics. The following two sec- 
tions on RQ3 and RQ4 give answers separately how to construct and how to apply the Course De- 
velopment Framework. 


LEARNING THEORIES IN DEVELOPING COURSES ON EMERGING 
TECHNOLOGIES 


To answer RQ1 and RQ2 on the use of learning theories within the Course Development Frame- 
work both the literature review and the respondents results were taken into account. 
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The literature review identified several learning theories that could be used to develop courses, as Ar- 
ghode et al. (2017) pointed out. One specific theory seemed to be especially suited for developing 
courses for emerging technologies, namely the constructivism theory (Scoppio & Luyt, 2017). Educa- 
tional experts were interviewed with regards to learning theories and course design. The respondents 
had a wide range of opinions of which learning theories are used, if at all, and what constitutes a 
good course design process. These vatied opinions can be put down to varied experience within 
given areas of teaching. 


Within course design and development, seven out of ten respondents claimed to use some form of 
learning theory. The research findings from the respondents indicate that three specific theories were 
considered, namely, Activity Based Learning, Bloom’s Taxonomy, and Constructivism. One respond- 
ent (Ned) said he uses “no theories, but close adherence to Brain Compatible Learning principles, 
BCL”, however BCL is not a learning theory, but an educational approached based on neuroscience 
and the biology of learning (van Niekerk & Webb, 2016). The respondents’ replies indicate that they 
might be using aspects of learning theories even though it is not explicit. Respondent Dave said that 
he does not use a theory, but he knows what works in his courses and what does not. “I don’t use 
that. I just work with a structured course structure. I don’t follow any particular method. It’s a per- 
sonal thing, but over the years you develop a feeling for what works in the particular area and in may 
of these theories is not applicable, especially in a field that is fairly new and where you are starting to 
discover what is important.” Gavin said, “Although I am aware of several learning theories, I don’t 
follow one, I rather use aspects of theories at various times. I can’t believe that there is one theory 
which can explain how all individuals learn, I believe that each individual is unique and as such uses a 
blend of how to learn.” Nora said, “the constructivism theory is a relevant view of reality,...... the 
theory aligns well as I draw on previous knowledge.” 


When the respondents were asked to place a value on a scale of 1 to 5 (1 being not closely, 5 being 
very close) on how closely they followed a learning theory, the results in Figure 7 indicate that of 
those using a learning theory three respondents followed a learning theory relatively closely by select- 
ing a rating of 4 out of 5. 


On a scale of 1-5 how closely is a learning theory 


followed? 
5 
4 
3 
Z 
| a 
0 
di 2 3 4 5 Does not apply a 
theory 


Figure 7: How closely are learning theories followed on a scale 1-5? 


When inquiring why respondents follow or do not follow a learning theory, it was established that 
the lack of time and resources played a role when they did not use it. However, those that did use it 
mentioned that it plays a role in how the courses are developed. This is in line with the literature 
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reviewed on learning theories. Those who follow the learning theory indicated that it’s a good indica- 
tion of how to develop a specific course. Noa said “This is a good indication of how one should de- 
velop a course to fit the different purpose and group that one targets. This has a major input into the 
assessment criteria and delivery model.” 


The finding is quite noteworthy especially in relation to RQ2 in that by outlining how a student 
learns and acquires knowledge, a learning theory can be used as a guiding principle so that courses 
can be developed in such a way that aligns to the specific area of study. A learning theory for courses 
in emerging technologies, such as an IoT, can make use of the constructivist learning theory for ex- 
ample and can be very useful from a course design approach to establish the importance of what 
types of learning takes place. The types of learning that are especially useful to an IoT course is con- 
tained within constructivism (Harasim, 2012; Tan, 2017; Usher et al., 2015). 


Saul stated that he used the Constructivism learning theory, this is in line with the findings that were 
discovered through the literature review for use with courses where the focus is significantly learner 
centric (Arghode et al., 2017). 


However, even though four of the respondents said that they do not use a learning theory, many said 
that they might use elements of a learning theory without knowing it. Thus, it is probably fair to as- 
sume that the respondents have acquired a ‘feel’ for what works for the students, and thus unknow- 
ingly use elements of theories even though they don’t align it to the specific topics, as stated by Dave, 
“you develop a feeling for what works”. This could also indicate that using a learning theory to guide 
the overall design of a course is perhaps not as important as that of experience in course design and 
teaching. 


RQ1 - Which learning theories could be useful as a basis to construct a framework for 
developing courses on emerging technologies? 


Many learning theories could be used to develop courses such as behaviourism, cognitivism, connec- 
tivism and constructivism. However, choosing a fitting learning theory would enable the academic to 
better decide which types of learning activities and assessments to create. 


RQ2 - Which learning theories would be best suited for developing a course for an 
emerging technology? 


Regardless of the fact that only three respondents used constructivism this research has recom- 
mended that constructivist learning theory should be used for an emerging technology course such as 
an IoT course. Constructivism theory is a suitable theory for emerging technologies as it encourages 
active learning and builds on previous knowledge. 


DESIGN MODELS FOR THE COURSE DEVELOPMENT FRAMEWORK 


The original research question was: RQ3 - Which design models could be used to construct a Course 
Development Framework for courses on emerging technologies? 


Both the literature review and the respondents results from the pre-framework questions were con- 
sidered in answering this research question. When the literature review was conducted it became ap- 
parent that the ADDIE Instructional Design model was touted as very significant in the learning 
field (Budoya et al., 2019). When the respondents were asked if they have heard of the ADDIE 
model, surprisingly, four of the respondents had not heard of the model and only four had used the 
model as shown in Figure 8, one respondent declined to answer this question. 
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ADDIE Model 


Heard of ADDIE Has not heard of ADDIE Used ADDIE Has not used ADDIE 


w 


N 


0 


Figure 8: ADDIE Knowledge and use. 


Sam said “One doesn’t use one approach alone. I read a lot about teaching and learning....it’s diffi- 
cult to keep the motivation...... I probably use parts of it but I don’t use it in a formal manner. I 
may use aspects of ADDIE but I wouldn’t necessarily follow it to the T.” Gavin said, “Of course I 
know ADDIE, and of course I use ADDIE, it a very typical process, nothing special.” Seb said he 
had never heard of ADDIE or ARCS models. 


Through the literature review, it was discovered that ADDIE is an excellent instructional design 
model and still in extensive use with a valid design model (Cheung, 2016; Hess & Greer., 2016). For 
the reasons listed in the literature review, the ADDIE model was subsequently chosen as an Instruc- 
tional Design Model for the Course Development Framework. 


Although Bloom’s taxonomy was not looked at when the literature review was first conducted, many 
of the respondents used Bloom’s taxonomy, either as a learning theory or as a method to design 
learner outcomes or in a design process. Respondents that mentioned Bloom’s taxonomy in the Pre- 
Framework interview included Noa, Sam, Saul, and Gavin. Sam said, “I use the Bloom Taxonomy 
most of the time and then that’s also what I share with the class.” Gavin said, “I use Bloom’s taxon- 
omy to develop learning outcomes at the beginning of designing a course, and when developing ex- 
amination questions.” 


The researchers then conducted a literature review regarding Bloom’s taxonomy and found that it 
could indeed be a valid and useful method to incorporate into the Course Development Framework 
to establish the levels of learning of the learning outcomes as a whole (Agarwal, 2019; Bertucio, 2017; 
Stanny, 2016). 


The researchers discovered through the literature review that keeping the learner motivated is an es- 
sential aspect of developing successful instructional content (Keller, 2016; Khan et al., 2019). Simi- 
larly, motivation and keeping motivation high in courses resonated with the respondents as an im- 
portant aspect and an issue. However, none of the respondents followed specific formal models or 
theories to motivate students in their learning or course creation. 


The ARCS-V motivational model was identified in the literature review as a potentially positive 
model to introduce as an overarching motivational design in the Course Development Framework. 
When inquiring from the respondents if they had heard of the ARCS-V model or had used the 
ARCS-V model only two respondents had heard of the model, and no respondents had used the 
model at all. This could indicate that the ARCS-V model is not as popular as thought, or that the 
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respondents did not know about the model. However, given the experience level of the respondents 
and the high level of interest in the motivational aspect of learners, the researchers expected that the 
respondents would use some sort of motivational design or model in their course development. Fur- 
ther data from the interviews concluded that no respondents used any models or frameworks as a 
guide to motivate students. This finding is quite surprising when considering how high the im- 
portance of keeping learners motivated ranked with the respondents. 


The folowing comments with regards to learner motivation were made by the respondents. Dave 
said, “....once they’ve lost interest it is very difficult to pick it up again,” and “If you don’t force 
them to do assignments to keep busy, they will tend to drop out.” Sue said, “It depends on why the 
student is there doing the course, is it because they were told that they have to be there or because 
they are interested. Part of the motivation is why they are there in the first place.” Gavin said, “T try 
to motivate students by providing facts, examples and stories. I try provide students with ideas to 
help them imagine their tomorrows”. Noa said, “I like to motivate students by showing them a func- 
tional and practical use of every concept they learn. I try to make it relevant to them as individuals.” 
Sara mentioned that they do not use a model, but that “Group work” or “Group activities” are used 
to help motivate learners. 


The data from the answers toward the motivational model questions indicates that the respondents 
do not use motivational design models in the course design. However, the qualitative data analysis 
produced data that shows that it does not necessarily mean that there are no motivational elements 
included in the design. When theming the responses from the respondents and mapping it to the 
ARCS-V motivational model discussed by Keller (2016), the academics were describing elements of 
ARCS-V unknowingly, the responses showed that many of the respondents are indirectly considering 
elements of ARCS-V as necessary. The relevance of the course and keeping the attention of learners 
ranked highly when academics are designing courses, which was supported by the literature review 
and the discussion of the ARCS-V model (Keller, 2010, 2016). The finding is significant as this indi- 
cates that including the ARCS-V model into a course design framework would prove to be of use to 
academics and provide a positive impact. This led to the incorporation of the ARCS-V as a motiva- 
tional model in the Course Development Framework. 


A Course Development Framework for emerging Technologies 


Adapted ADDIE instructional design Model, implementing ARCS-V Motivational Design Model and Bloom’s Taxonomy 


BLOOM’S BLOOM'S 


ADDIE instructional design Model including depictions of where ARCS-V and Bloom’s Taxonomy could be used to 
enhance learning motivation and evaluate learning objectives 


ARCS-V ARCS-V ARCS-V 


Figure 9: Course Development Framework for Emerging Technologies (van Wyk, 2019). 
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With the findings from the literature review and the feedback from the respondents it was found that 
there are a few established models and methods available for course design that can be incorporated 
into an Course Development Framework. 


A relatively well used instructional design model, ADDIE, can be used to design a course, as it pro- 
vides for the analysis, designing, developing, and evaluation of a course as discussed earlier. How- 
ever, it lacks the motivational design elements that ARCS-V can provide. Motivational design ele- 
ments proved to be an issue for the respondents as can be seen from the responses. The ARCS-V 
motivational model could be used in an Course Development Framework to provide motivational 
design elements. Furthermore, Bloom’s taxonomy could be incorporated in the Course Development 
Framework as a method to evaluate the learning levels of the learning objectives as was discussed in 
the literature review. By using the answers a Course Development Framework was created as shown 
in Figure 9. 


Analysis Phase 


Figure 10 details the Analysis phase of the Course Development Framework. In this phase, a course 
designer should do a variety of activities, including: considering the relevance of the course (which 
emerging technologies or concepts will be delivered?), conduct market research (what are others do- 
ing, what is relevant to the industry or field?), consider the target audience and pre-requisites (age- 
group, education level, skills, admission requirements, career possibilities, etc), identify and gather rel- 
evant academic and research papers. Additionally, learner outcomes (purpose of course) and Learn- 
ing Objectives of the course have to be defined, and module and assessment criteria defined. 


ARCS -V Bloom’s ARCS -V Bloom's 


Figure 10: The Analysis Phase of the Course development Framework (van Wyk, 2019). 


Design Phase 


In the Design phase, academics need to develop the learning activities, assessment, and methods of 
delivery. In addition, they should develop the strategies on how to present the course material. 


When designing the course, a learning theory and philosophy can be considered. Constructivism the- 
ory fits well for technologies, such as oT, VR, AI, Robotics, Game Development, or 3D Design, 
since it encourages active learning. Choosing a fitting learning theory will enable the educator to de- 
cide which types of learning activities and assessments to create. The Design phase should be 
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developed by building in learner motivation by using the ARCS-V elements (Attention, Relevance, 
Confidence, Volition) as guide to see if each element of the course contains one of these aspects and 


all aspects in each module or lesson if possible. Bloom’s Taxonomy should be used to design the 
learning objectives using ARCS-V to guide the motivational aspects of the course design. 


ATTENTION CONFIDENCE 
Meet the personal Reinforce Reinforce the 
needs/ goals of the accomplishment with commitment to learn 
learner to effect a internal and external and complete the 
positive attitude. rewards. course. 

Questions to ask: 
Will learners believe it is What can | do to help What can | do to help 
valuable? What can! do the learners feel good the learners maintain 
= = S| Questions to ask: about their experience _ their goal orientation 
is important? and desire to continue 2d task-focus 

learning? throughout this learning 

Learning content and event? 

activities that can 

enforce Attention: 


Personalisation. 


Clearly established 
Learning Objectives. 


Assesments. 


Show industry related 
and up to date content. 


Case Studies. 


Chat with industry 
experts (Online Guest 
Lecture). 


Possibly invole potential 
recruiters. 


Research elements. 


Learning content and 
activities that can 
enforce Confidence: 


Case Studies. 
Personalisation. 
Discussions. 
Gamification 
Game-based learning. 


Congratulate the learner 
on getting this far. 


Well developed 
activities that are 
suitably challenging 
makes the learner think. 


Include social elements 
fejgeltlee-[madiui em 
Research elements. 


Frequent Feedback. 


Time Schedule.Clear 
timelines and deadlines. 


Personalisation. 


Promote the 
development and use 
use of good study plan. 


Gamification and game- 
based learning. 


Clearly established 
Learning Objectives. 


Reassure learner of 
continued success. 


Include social elements. 


Figure 11: Using ARCS-V in the Design stage of ADDIE (van Wyk, 2019). 


Figure 11 shows a course designer how to use ARCS-V in the Design stage of ADDIE. In the De- 
sign phase of the Course Development Framework, a course designer needs to decide on IT require- 
ments, platforms, systems, bandwidth, etc. for course delivery, facilitation, and student participation, 
taking user experience and accessibility options into consideration. Learning activities should be de- 
signed by using motivational aspects in learning (use ARCS-V to guide the motivational design). 
Learning objectives and assessment methods should be designed using Bloom’s Taxonomy (Planning 
verbs), clear evaluation criteria need to be created and made available. Designers should consider de- 
signing interactive content (Attention, Satisfaction, Relevance), using short videos to grab learner’s 
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attention, include examples that might be useful and relevant to the students. Frequent feedback 
should be provided (Confidence, Satisfaction). Appropriate assessments (Relevance, Confidence, Sat- 
isfaction) need to be defined, and Game-based learning considered (Attention, Confidence, Satisfac- 
tion, Volition). Ensure the learning activities use multiple methods of learning if possible, and reflect 
on the learning objectives from the learner’s perspective and align the learning activities to them. 


Development phase 


Figure 12 shows the Development phase of the Course Development Framework. 


Remember Understand Apply Analyze Evaluate Create 


recognizing interpreting executing (carrying differentiating checking generating 

(identifying) (clarifying, out) (discriminating, (coordinating, (hypothesizing) 
JotEth es implementing (using) 
representing, focusing, selecting) testing) 


i ‘oducing (construct) 
kansiating) organizing (finding, critiquing (judging) ve A 


exemplifying coherence, 
(illustrating, integrating, outlining, 
instantiating) parsing, structuring) 
classifying attributing 
(categorizing, (deconstructing) 
subsuming) 


distinguishing, detecting, monitoring, 


recalling (retrieving) planning (designing) 


summarizing 
(abstracting, 
generalizing) 
inferring (concluding, 
extrapolating, 
interpolating, 
predicting) 


comparing 
(contrasting, 
mapping, matching) 


explaining 
(constructing models) 


Figure 12: The Development Phase of the Course Development Framework (van Wyk, 2019). 


In the Development phase of the Course Development Framework the academic analyses the needs 
of the learners by looking at the educational objectives of the course and designing the outcomes to 
align to the educational goals. The academic needs to develop activities and content that will help the 
learner improve performance. The content and activities need to be developed, and one must con- 
sider how it will integrate with the Learner Management System (LMS). When developing content 
consider the tone, readability and context of the writing style, and try develop interactive content. An 
academic should set up and develop social interaction areas. 


Implementation phase 


In the Implementation phase of the Course Development Framework, the learning material and ac- 
tivities are put into practice and the learners are given access to the course. This phase is an active in- 
volvement phase and the educator should be well prepared to deal with learner questions and issues. 
Use ARCS-V to check if initial analysis is correct. Use Bloom’s taxonomy to check if learning out- 
comes and objectives are still in line with data from the Design phase. 
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Evaluation phase 


In the Evaluation phase of the Course Development Framework, a course designer could assess if 
the course was successful and effective. It also identifies if there are any issues present and if any as- 
pects of the course can be improved upon. The designer will then go through the Analysis, Design, 
Development and Implementation steps iteratively to improve the course. Look at ways to continu- 
ally enhance the course. Collect data on learner engagement and activity (Did learners’ access and 
start the course, where did they spending the most time and the least time)? Collect feedback from 
learners (Survey/Polls/Reflections) to determine satisfaction and performance of the course. 


THE DEVELOPMENT OF THE IOT COURSE USING THE FRAMEWORK 


Research question RQ4 was, “How can the Course Development Framework be used to develop 
courses on emerging technologies?” 


An IoT course outline was chosen to build a test case for the Course Development Framework as 
such a s course was requested by an institution. The Course Development Framework detailed in 
Figure 9 was used to build an IoT course. Figure 13 shows the Course Description for the loT 
Course, including the topics or modules to be covered, and Figure 14 shows the overall assignments 
and grading values. 


Course Description 


Internet of Things (loT) course 


Equipment 
Requirements 


* Credits: * Required Hardware: * No text book required © Introduction 
40 Allstudents are expected to bring AT * Readings will be provided * loT Architecture & Business Processes 
* Course Length: LEAST ONE mobile device to each * Design Thinking Workshop * loT Sensors & Devices 
3 weeks seminar, which MUST be on at all © loT Networks & Platforms 
ae LES * loT on the Edge of the Cloud 
* Course Description 


The course aims to provide students * Recommended Software: « loT Programming & Software 
with an understanding of the Mentimeter and other freely available * UI, UX & Design Thinking 
complexities and issues involved in the software. * loT Big Data/Analytics/Business 
Internet of Things (loT). loT is Intelligence 

continually expanding, and business * Other Requirements: © loT Security & Privacy 

and IT professionals need to Stable Internet Connection * loT Project Management 
understand what oT is, how it works, Office tools (MS Office) * loT Innovation Management 
what is the potential of loT, and how to ¢ loT Value 


use loT to improve business. 
* Final Project Presentations 


Course Scope 


Syllabus Course Topics 


*Prerequisites: 
No special pre-requisites for the course 
beyond being interested in information 
Technology 


Figure 13. Course Description for the loT Course. 


Participation/Answers/Questions in seminar 20% 


Videos in Seminar 20% 
Reflection 10% 


Final Project Presentation 50% 


Total: 100% 
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Figure 14. The assignments and grading values. 


Figures 15 and 16 show two of the topics (modules 3 and 8) for the loT course— obviously one 
would need need to build one for each module of a course. The blue blocks shows the Bloom’s 'Tax- 
onomy levels for each part of the Learning Outcomes, while the orange blocks show the ARCS-V 
ctiteria for each of the chosen activities, assessments and course content. 


The mixed project-based approach that an IoT course required the need for a theory that can be used 
to draw knowledge from various different areas (Liagkou et al., 2019). Thus, the framework needed 
to make use of a learning theory that promotes an open approach to design interpretation as well as 
build upon previous knowledge gained as the student progresses through the course. Constructivism 
fulfils these requirements as discussed (Harasim, 2017; Jiang, 2019). 


ARCS-V was used in combination with the constructivist theory and Bloom’s taxonomy to develop a 
framework for an IoT course outline. The ARC-V motivational model was used to establish motiva- 
tion as a fundamental guiding principle in the course outline. ADDIE has been previously used with 
the constructivist theory as shown in the paper by Trust and Pektas (2018); ARCS-V adds the re- 
quired motivational elements as it allows for a motivationally aligned learning methodology while be- 
ing flexible and focuses on learners. Bloom’s taxonomy establishes the learning levels of the learning 
objectives. 


Module 3: Sensors & Devices (Things) 


BLOOMS’ TAXONOMY : Remember | Understand | Apply | Analyse | Evaluate | Create ARCS-V A = Attention R = Relevance C = Confidence $ = Satisfaction V = Volition 


= fee) Learning Outcomes Resources 
j-isus55 Have knowledge of a variety of loT sensors and their capabilities, 
WSS) and be able to evaluate practical use. Builds towards Project in Video on Sensors and devices — sourced by student. 
showing capabilities and potential use of sensors. 


Video on using sensors 


9" Understand sensor options, and be able to use sensors to collect Course slides 


5) data. Builds towards Project in selecting sensors to collect and Links to further information, models, theories and guides, best 
respond to project requirements. 
practices etc. 
CWENES) Gainskills by considering different properties and attributes of 
iS) sensors. Builds towards Project in teaching how to create an loT 
system. 


[NGM Activities “\85) Assessments 


Cannel ios Posts onto LMS of useful videos of sensors and features students =) Participation in class: Students were paired into teams to develop 
discovered. an loT project. Students are in early stages of project, so questioned 

‘ 7 about possible choices and reasons for making choices — answers 

SS )> Find and post examples of unreal (fantastic) loT projects. and questions assessed by academic (in class Q&A make up 20%) 


Ee )s) One student in each class is selected as Scribe — responsible to EVV eeu) Class Exercises. Students given exercise to complete and to discuss 

ensure all videos, discussions, articles are posted onto LMS such as: Make a table of loT devices by function and industry, find 
and share useful video’s/articles on loT Sensors & Devices. 
Develop a clear statement of what sensors and devices are to be 
used in project for what, should be related to the problem & be 
realistic 


Figure 15. Module 3 of the IoT course. 
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Module 8: Big Data, Business Analytics & Business Intelligence 


BLOOMS’ TAXONOMY : Remember | Understand | Apply | Analyse | Evaluate | Create ARCS-V A = Attention R = Relevance C = Confidence $ = Satisfaction V = Volition 


= fee) Learning Outcomes Resources 
Have solid understanding of Big Data, Business Analytics and 
Business Intelligence, the flow from one to the next, AND how 
the three integrate. 


Remember 
Understand 


Videos on BD, BA & BI - sourced by students. 


@) Course slides 


Apply Solid skillsin developing an !oT application which uses Big 
Analyze Data, Business Analytics and Business Intelligence. Taking all - 
the previously learnt skills into account the students are practices etc.. 
preparing to deliver a final project with all the elements in 
place interactive loT card game 


Links to further information, models, theories and guides, best 


Evaluate 
Create 


IGM Activities “\\@5") Assessments 

ENS 15) Posts onto LMS on BD, BA & Bl issues/videos students discovered. © > 7 Participation in class: Student teams to develop an loT project. 
Students are in later stages of project, so questioned about choices 
EY)=) es) Find and post examples of unreal (fantastic) loT projects. made and reasons for making choices — answers and questions 
assessed by academic (In class Q&A make up 20%) 


ENVCS eS) One student in each class is selected as Scribe — responsible to 
ensure all videos, discussions, articles are posted onto LMS PVE y Vel) Class Exercises. Student teams given loT card game to complete 
and to discuss. 
Ee 5) Teams take part in interactive loT card game. Game has 6 packs, 
Things, Services, Human Actions, Feedback, Missions, & Criteria. EVs a) Develop a dear statement of what sensors and devices are to be 
Teams to select and discuss cards from each pack that are relevant used in project for what, should be related to the problem & be 
for the user and the problem of final !oT ptoject. realistic 


Figure 16. Module 8 of the IoT course. 


Similarly to the ARCS-V model, the constructivist theory focuses specifically on learners. When con- 
sidering the learner, the constructivism theory takes into account learners’ previous experiences and 
knowledge around the subject (Juvova et al., 2015). The ARCS-V model emphasizes the learners’ 
motivation and strives to engage by first grabbing attention, showing the relevance and instilling the 
confidence that is needed (Keller, 2010; Li & Keller, 2018). Building a course, the instructor needs to 
establish motivation as well as provide a non-rigid approach to the students’ delivery of activities. 
The course activities should provide a choice of themes or ask the students to choose their own ideas 
as a development project and in doing so, provide satisfaction by seeing their ideas brought to reality 
through the coursework (Keller, 2016; Trust & Pektas, 2018). 


The course design for the loT course began by describing to students what the course will cover, 
what the students can expect, and what the students are expected to deliver. Using examples that 
bring the previous experience into consideration, the academic developed activities that show how 
the learning made use of existing skills (Arghode et al., 2017). The material clearly pointed out the 
learning outcomes that students will accomplish by participating in the learning material and activities 
(Czerkawski & Lyman, 2016). 


RESPONSES FROM STUDENTS 


As part of the course students were expected to submit a reflection piece (maximum 250 words) a 
maximum of a week after the final lecture. 


Liam stated that the course taught him to “Never stop asking questions. ...I have unfortunately often 
neglected to do this.” Lucy agreed, “I learned to ask without any hesitation.” 


Lucy commented about IoT as follows, “Maybe I knew how the all thing worked but I realised more 
about it in the class,” and Luke said, “I learnt many new things and I found the course really benefi- 
cial for my career.” Luna said, “This course really helped me to gain perspective about IoT in overall. 
... [learned much about IoT and IoT applications.” 


Luke stated, “The methodology COLLECT, CONNECT, ANALYSE, ACT gave me the key strat- 
egy to work on any project and in any environment.” Lucy added, “TI realised more about it in the 
class that everything you do in projects, class, work or life it’s almost to collect information, to con- 
nect them, to analyse them and then act on them.” 
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Liam said, “The class exercise which we did, it showed me, that by exchanging your ideas with others 
will lead you to some greater and better ideas.” Lucy commented, “By giving us a small project to en- 
courage us to think about new ideas the way IoT can work further.” 


Luna said, “This course really helped me to gain perspective about IoT in overall,” and “I gained per- 
spective about IoT in an interactive way.” Luke added, “This course helped me out to understand the 
broader aspects of IT and internet of things with real picture (discussion) and real examples with ana- 
lytical thinking and scope in future. 


Luna said, “The course changed my opinions about DATA as I always thought the data analysis are 
kind of useless thing in today’s world but I realised that data management gives you real information 
to act and helps the person to identify problems, making decisions and bringing in new criteria.” 


There were supringly few negative comments, although students were asked to list both positive and 
negative comments. Lucy said, “Class afterwards were not that enthusiastic as the first ones,” Liam 
said there were “to few classes, more of such classes ate more beneficial.” 


CONCLUSION 


On the outset of this research study, the aim was to discover if a useful Course Development Frame- 
work could be developed that would support academics in the development of courses for emerging 
technologies. 


Through the literature review it was discovered that learning theories could play a significant guiding 
role in the development of courses. However, the study found that academics don’t explicitly use 
learning theories when developing courses and that this was attributed to academics feeling that hav- 
ing developed courses, they had a ‘feel’ for what works and what does not. This study found that 
constructivism is well suited for emerging technology courses because of the nature of building on 
previous knowledge and putting the learner at the centre of the learning experience. 


The ADDIE instructional design model was found to be relevant and well suited for course develop- 
ment. It was found that academics do not use motivational models in their course design, but that 
they once again use the experience to guide them as to which aspects would guide learners and keep 
them motivated. This research found that the ARCS-V motivational design model is an excellent 
model to use as a guiding model for designing motivational elements into a course. This was espe- 
cially valid and useful when using motivational elements at each stage of the ADDIE design process, 
as this could be used as a check to add attention, relevance, confidence, and volition driving activities 
and content to the Course Development Framework. Through this research it was discovered that 
Bloom’s taxonomy was useful in guiding learning outcomes, as academics used Bloom’s quite exten- 
sively when developing courses and often used, perhaps mistakenly, as an instructional design model. 


A Course Development Framework was developed by discovering what learning theories were use- 
ful, as well as which models and methods could be used. The Framework combined the ARCS-V 
motivational model and Blooms taxonomy with the ADDIE model to develop a Framework that can 
guide academics when creating a course for emerging technologies. 


Future research could be conducted in the effectiveness of using the Course Development Frame- 
work to test other courses on emerging technologies. 


Research in the field of Brain Compatible Learning Principles and combining or using it with the 
Course Development Framework could provide further insights into advancements in course design 
and development. 
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